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TIRE WITH KNURLS IN BEAD SURFACE 


Technical Held 

5 This invention relates to pneumatic tires and, more particularly, to their tendency to slip 

with respect to the rims on which they are mounted when torque beyond a certain limit is applied. 
Background Art 

A pneumatic tire is secured to a rim by the interaction between the bead of the tire and the 
rim. The quantity of force holding the tire to the rim F„ is equal to the flange force and the bead 
10 force. The flange force is calculated by multiplying the surface area of contact between the bead 
and the rim A f with the average pressure on the flange P f . The pressure on the flange outside the 
footprint is roughly the same as the air pressure within the tire. In the footprint area, the flange 
pressure dramatically increases. The bead force is calculated by multiplying the pressure exerted 
by the bead hoop P B and the surface area of the bead in contact with the rim A^. Thus, F B = (P f x 
15 A^ + (P B x Ab). 

Tire slippage can occur when a high torque load is applied to a tire. Such high torque loads 
are common in many applications, such as a tractor pulling a plow. A tire will slip on a rim when 
the torque moment M T is greater than the moment M„ holding the tire on the rim, shown in Fig. 1. 
The torque moment M T is calculated by multiplying the force applied to the tire F T and the radius 
20 from the axis of rotation to the radially outermost surface of the tire R T . The moment M„ holding 
the tire on the rim is calculated by multiplying the force holding the tire on the rim F B and the 

radius from the axis of rotation to the rim and bead connection and the static coefficient of 
friction between the bead surface and the rim surface, p,. When F T x R T is greater than F g xR,x 

jk, the tire will slip on the rim. When F T x R T is less than or equal to F B x Rj, x p, the tire will not 
25 slip on the rim. 

F t >(F b xR*x pJ/R T , slippage. 

F t < (F„ x Rr x pJ/Rj, no slippage. 

Slippage of the tire on the rim has become an increasing problem with the continuing trend 
of manufacturers building larger and higher horsepower tractors. As the size and horsepower of 
30 tractors increase, the torque loads that the tires may be subjected to increases. As a result, the 
likelihood of tire slippage increases. 

Another reason for tire slippage in large tires, such as farm tires, is that many of these tires 
are lubricated with a water-based lubricant to aid in the mounting process. After the tire is 
mounted on the rim, the water base in the lubricant dries, leaving a residue between the rim and 
35 the tire. As the tire enters a wet environment, water that migrates to the area between the rim and 
the tire reactivates the lubricant. As the lubricant becomes reactivated by the water, the coefficient 
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of static friction ^ is lowered and slippage is much more likely to occur. 

One solution to the problem of tire slippage is to glue the tire to the rim. The glue 
increases the moment M R holding the tire on the rim because an adhesion force F A is added. Thus, 
when the tire is glued to the rim: 

5 F T > ((FbXRrX^ + (F A xR r))/R t , slippage. 

F t < ((FbXRrX^ + (F A x R*))/R T , no slippage. 

Although this solution helps to prevent slippage of the tire on the rim, gluing the tire to the rim is a 
cumbersome process and creates difficulties in dismounting the tire and placing a new tire on the 
same rim. 

10 In an attempt to prevent tire slippage in motorcycle tires under stressful conditions, United 

States Patent No. 4,561,481 entitled “TIRE RIM STRUCTURE AND METHOD OF 
MANUFACTURE” teaches the use of rows of protrusions extending outwardly and integrally with 
the surface of the rim. These rim protrusions, or rim knurls, are intended to grp, or bite into, the 
motorcycle tire to prevent slippage. This technique of adding rim knurls has been adopted as a 
15 standard in certain tractor design rims, i.e. European Tyre and Rim Technical Oiganization 
(ETRTO), 1995 Standard Manual, page R32, shown in Fig. 2. 

Rim knurls are common because the metal knurls bite into the softer rubber and grip the 
tire. Since the knurls grip the tire, the tire will not slip unless the force applied to the knurls is 
great enough to either shear each of them off of the rim or to tear the rubber being gripped by each 
20 of the knurls. A tire will be able to withstand a greater torque before sipping on the rim if this 
shear force F s multiplied by the number of knurls, is greater than the loss of force holding the 
tire on the rim. The loss of force holding the tire on the rim results from two sources. First, the 
rubber of the bead surface may not deform sufficiently to completely fill the area between the rim 
knurls. The amount surface area contact between the rim and the bead surface may decrease as a 
25 result of this lack of deformation. If a decrease in surface area contact results, the force holding 
the tire on the rim will also decrease. Secondly, when the bead surface is contacted by rim 
knurls, the pressure of the bead surface against the rim will vary across the area between adjacent 
knurl peaks. The pressure will be the greatest at the peak of each knurl and will equal either the 
respective flange pressure P f or the bead pressure P B depending upon the location of the knurls on 
30 the rim. This pressure will decrease as to the distance from the knurl peak increases. This 
decrease in pressure is due to the surface tension of the rubber of the bead surface limiting the 
amount of deformation and preventing the rubber from completely filling the area between the 
knurls. As a result of this surface tension, the pressure will decrease from a maximum level at the 
knurl peak to zero at the point on the knurl sidewall where the rubber stops making contact with 
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the knurl. 

United States Patent No. 4,015,652 shows a tire and rim assembly where both the 
vertical area of the tire and the rim flange have a plurality of protrusions. Each of the 
protrusions disclosed in this patent forms a complete line extending circumferentially around 
5 the tire and the rim. The protrusions increase the surface area between the two surfaces where 
an adhesive is applied to help retain a deflated tire on the rim. Although the increased area of 
contact caused by the disclosed protrusions may slightly increase the amount of torque the tire 
can withstand before slippage occurs, the disclosure shows no teaching concerning tire 
slippage. Additionally, the circumferential orientation of the protrusions will not provide any 
10 shear force resistance to tire slippage. 

Summary of the Invention 

This invention relates to a pneumatic tire 10. The pneumatic tire 10 has a bead 30 for 
mounting the tire 10 on a rim 12. The tire 10 is particularly suited for mounting on a design rim 
12 having knurls 20. The rim knurls 20 are designed to engage the bead surface 28 of the tire 10. 
15 The bead surface 28 includes the bead base 36 and the flange contacting surface. 

The tire 10 of the invention has knurls 42. The tire knurls 42 have a location and a pitch 
that is complementary to the knurls 20 specified by applicable rim standards for the tire s size such 
that the tire knurls 42 interlock with the rim knurls 20 when the tire 10 is mounted on the design 
rim 12. By interlocking the rim knurls 20 and the tire knurls 42, the tire 10 will be less susceptible 
20 to slippage. 

Definitions 

For ease of understanding this disclosure, the following terms are disclosed. 

“Bead” means that part of the tire comprising an annular tensile member wrapped by ply 
cords and shaped, with or without other reinforcement elements such as flippers, chippers, apexes, 
25 toe guards and chafers, to fit the rim. The radially inner beads are associated with holding the tire 
to the rim. 

“Bead surface” means the outer portion of the tire near the bead which is in proximity or 
contacts the rim and consists of the bead toe, the bead base, the bead heel, and the flange 
contacting surface. 

30 “Bead toe” means that portion of the bead which joins the bead base at the inside surface of 

the tire. 

“Bead heel” means that portion of the bead which joins the bead base at the outer surface of 
the tire and is in proximity or in contact with the rim when the tire is mounted on the rim. 

“Circumferential” means lines or directions extending along a perimeter of the surface of 
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the ann ular tire parallel to the Equatorial Plane (EP) and perpendicular to the axial direction. 

“Design rim” or “rim” means a rim having a specified configuration and width. A design 
rim is specified by industry standards such as the lire and Rim Association in the United States, 
the European Tyre and Rim Technical Organization - Standard Manual in Europe, and the Japan 
5 Automobile Tire Manufacturer’s Association in Japan. 

“Pitch” means the distance from one knurl peak to another. 

E 

“Pneumatic tire” means a laminated mechanical device of generally toroidal shape, usually 
open-torus, having beads and a tread, and made of rubber, chemicals, fabric and steel or other 
materials. When mounted on the wheel of a motor vehicle, the tire through its tread provides 
10 traction and contains the fluid that sustains the vehicle load. 

“Radial” or “radially” are used to mean directions radially toward or away from the axis of 
rotation. 

Brief Description of Drawings 

The invention will be described by way of example and with reference to the 
15 accompanying drawings in which: 

FIG. 1 is a schematic displaying the forces acting upon a pneumatic tire to cause it to slip 
on a rim. 

FIG. 2 is a drawing showing a design rim similar to that displayed in European Tyre and 
Rim Technical Organization (ETRTO), 1995 Standard Manual, page R32. 

20 FIG. 3 is a partial view of the invention showing knurls in three locations upon the bead 

surface. 

FIG. 4 is a cross section of the invention showing knurls in three locations upon the bead 
surface. 

FIG. 5 is a cross section of the knurls. FIGS. 5A —5C show some of the various 
25 embodiments of the knurls of the invention. 

FIG. 6 is a cross section showing the knurls of the invention interlocking with knurls of a 

rim. 

Detailed Description of the Invention 

Fig. 3 shows a partial view of the bead portion of a pneumatic tire 10 having a 
30 plurality of knurls 42 in three locations of the bead surface 28. The bead surface 28 is the 
location of the pneumatic tire near the bead 30 that is in proximity to or in contact with the 
rim 12 when the tire 10 is mounted. The bead surface 28 consists of an area of the tire 10 
extending from the bead toe 32 across the bead base 36 to the bead heel 34 and then turning 
radially outward from the bead heel 34 across the flange contacting surface. The flange 
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contacting surface includes the radially inner flange contacting surface 38 and the radially 
outer flange contacting surface 40. When the pneumatic tire 10 is mounted on a rim 12, the 
bead base 36 is in proximity to the bead seat 14 of the rim 12 and the radially outer flange 
contacting surface 40 is in proximity of the flange radius 18 of the rim flange 16. 

5 The plurality of knurls 42 in the three locations of the bead surface 28 provides the 

greatest resistance to slippage when the tire 10 is mounted on a rim 12 with corresponding rim 
knurls 20. Examples of some design rims 12 having knurls 20 are disclosed in European Tyre 
and Rim Technical Organization (ETRTO), 1995 Standard Manual at page R32 and the Tire 
and Rim Association, Inc., 1999 Year Book at page 8-41. A first reason for the increased 
10 resistance to slippage is that the surface area of contact between the pneumatic tire 10 and the 
rim 12 is greatest when the rim knurls 20 and the tire knurls 42 interlock. Since the sidewalls 
50 of the knurls 42 on the tire 10 contact the sidewalls 52 of the knurls 20 in the rim 12, the area 
of contact increases. When the knurls are interlocked in all three locations of the bead surface 
28 and the corresponding rim 12, the surface area of contact is maximized. Additionally, with 
15 knurls 42 in all three locations, the number of knurls, is increased. When the knurls are 
interlocked, slippage cannot occur unless each knurl of either the rim 12 or the tire 10 is 
sheared. Thus, a shear force F s must be overcome before slippage can occur. Where both the 
pneumatic tire 10 and the rim 12 have interlocking knurls, the force holding the tire to the rim 
equals (P f x (A, + A k ))+ (P B x (Ab + AJ), where A* is the increased contact area caused by the 
20 knurls. Therefore, with the pneumatic tire 10 of the invention used in conjunction with a design 

rim 12 having knurls 20: 

■< 

Ft > ((Fbj xRrXpJ + CFsX^nXRb))/R t , slippage. 

F t < ((Fk xRjX^ + ^x^x Rr))/R t , no slippage. 

25 Although placing knurls 42 in all three locations of the bead surface 28 provides the 

most resistance to slippage, in many applications, applying knurls 42 in only one or two of 
these locations is necessary. When knurls 42 are added to only one area of the bead surface 
28, consideration must be given to the contact pressure between the bead surface 28 and the 
rim 12. For the strongest resistance to slippage using knurls 42 in only one location of the 
30 bead surface 28, the knurls should be located where the pressure between the bead surface 28 
and the rim 12 is greatest. An increase in the surface area by the addition of the knurl surface 
A k will result in the greatest increase in the force holding the tire to the rim F^. 

Fig. 4 shows a cross section of the bead portion of a pneumatic tire 10 having knurls 42 in 
all three locations of the bead surface 28. Although there is no minimum length L* for the knurls 
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42, longer knurls 42 will provide greater resistance to slippage by adding surface area contact and 
greater shear resistance. For best results, the length I* of the knurls 42 on the bead base 36 should 
be at least forty percent the length of the bead base L*,. However, ideally the length of the knurls 
42 will match the length of the rim knurls 20. 

5 Fig. 5 shows a cross sectional view showing three possible configurations of the knurls 42 

on the bead surface 28. Fig. 5A shows a peak 44 of each, respective knurl 42 protruding from the 
bead surface 28. The base 48 of each knurl 42 is located on the same plane as the bead surface 28. 
Fig. 5B shows a peak 44 of each knurl 42 located in the same plane as the bead surface 28 and the 
base 48 of each knurl 42 located in an indention 46 in the bead surface 28. Fig. 5C shows a peak 
10 44 of each knurl 42 protruding from the bead surface 28 and the base 48 of the knurls 42 in an 

m 

indention 46 in the bead surface 28. Additionally, combinations of the configurations shown in 
Figs. 5 A ~ 5C and other configurations for knurls are possible. 

Although, Fig. 5 shows the knurls 42 having a triangular cross section, the cross section of 
the knurls 42 may be any shape which provides the desired effects of increasing the surface area 
15 and the shear resistance. Ideally, the shape of the knurls 42 will complement the shape of the rim 
knurls 20. 

All of the knurls 42 shown in Figs. 5A - 5C can be molded onto the bead surface 28. The 
knurls can be formed by either protrusions or recesses in the mold or a combination of both. For 
the best seal, the tire knurls 42 should be properly designed to fit the appropriate rim knurls 20. If 
20 the rim knurls 20 are configured similar to the knurls in Fig. 5A, then the tire knurls 42 should be 
similar to the knurls of Fig. 5B. Similarly, if the rim knurls 20 are configured similar to the knurls 
in Fig. 5B, then the tire knurls 42 should be similar to the knurls in Fig. 5A. If the tire knurls 20 
are configured similar to the knurls of Fig. 5C, then the tire knurls 42 should also be configured 
similar to the knurls in Fig. 5C. Although, Figs. 5A -5C show all the knurls 42 having the same 
25 depth and pitch, the depth and pitch of the knurl can vary. The most efficient location, length, 
depth and pitch of the tire knurls 42 match those of the rim knurls 20. 

The tire 10 of this invention may be mounted on a rim 12 that does not have knurls 20. 
However, if this is attempted difficulty may arise in obtaining a proper seal for maintaining air 
pressure within the tire 10. Since the rubber of the tire knurls 42 will not bite into the metal rim, 
30 no shear force resistance will be gained by using the tire 10 on a non-knurled rim. Additionally, 
surface area contact between the rim and the tire 10 will likely be decreased. 

Fig. 6 is a cross section of the knurls 42 on the bead base 36 of a pneumatic tire 10 
interlocked with the knurls 20 on the bead seat 14 of a rim 12. Additionally, Fig. 6 shows how 
each sidewall 50 of the tire knurls 42 interacts with each sidewall 52 of the rim knurls 20 to 
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provide shear resistance to slippage. When the tire knurls 42 are designed to complement the rim 
knurls 20, the surface area contact between the rim 12 and the bead surface 28 will be increased. 
The surface area contact is increased as compared to a non-knuried rim because the sidewalls 52 of 
each rim knurl 20 increases available surface area. This increased surface area is contacted by the 
5 tire knurls 42. The surface area contact is increased as compared to a knurled rim 12 because the 
tire knurls 42 assure contact over the complete area between the rim knurls 20. The pressure of the 
bead surface 28 against the rim 12 is also equalized when the tire knurls 42 are to 

complement the rim knurls 20. Since surface tension in the bead surface 28 does not pull the tire 

knurls 42 away from the rim knurl sidewalls 52, the pressure of the bead surface 28 against the rim 
10 12 is constant over the entire knurled surface. 
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What it claimed is: 

1. An improved pneumatic tire 10 particularly suited for mounting on a design rim 12 having 
knurls 20 designed to engage a bead surface 28 of the tire 10, the bead surface 28 including a bead 
S base 36 and a flange contacting surface, the tire 10 being characterized by: 

the tire 10 having knurls 42, the knurls 42 on the tire 10 having a location and a pitch 
complementary to the knurls 20 specified by applicable rim standards for the tire’s size such that 
the knurls 42 on the tire 10, when mounted on the design rim 12, interlock with the knurls 20 on 
the design rim 12. 
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